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Stapedius R eflex M easurem ents During Surgery for Cochlear
Implantation in Children
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reflex thresholds (44 “stimulus level steps” on the average),
which could in part be ascribed to the influence o f anesthet
ics used during surgery. It was concluded that, especially in
children w ith an etiology o f meningitis, the intraoperative
stapedius reflex threshold (even after corrections for the con
centration o f the volatile anesthetics used) was a weak pre
d icto r o f the C-level. Key Words:Intraoperative measure
m ents— C o ch 1ear imp 1antati o n— Stapedi u s re 11ex.
A m J O t o l 17:554-558,1996.

S u m m a ry : Electrically evoked stapedius reflex measurements
were obtained in 19 children during surgery for cochlear im 
plantation. They all received the N ucleus device. Stapedius
reflexes could be elicited in all the children with congenital
deafness but not in all the children with an etiology o f menin
gitis, The intraoperative stapedius reflex thresholds were com
pared with postoperative values obtained after fitting o f the
speech processor and with the children’s long-term behavioral
most comfortable levels (C-levels), The intraoperative reflex
thresholds were considerably higher than the postoperative

An essential part o f the successful application o f a
cochlear implant is to adjust the stimulation levels to
the patient’s dynamic range. This can be a problem, es
pecially in young children. To overcome this, several
authors have advocated the use o f objective threshold
measurements during surgery, such as electrically evoked
auditory brain stem response (EABR) thresholds and
electrically evoked stapedius reflex (ESR) thresholds
( 1- 8). It has been suggested that EABR and ESR thresh
olds can be used to predict the behavioral threshold and
the most comfortable level, respectively (3—8). Howev
er, postoperative m easurem ents showed that EABR
thresholds were not specifically related to behavioral
thresholds; in several patients, they were even closer to
the most com fortable levels (2,3,5,6). Although ESIl
thresholds were found to be related to the most com 
fortable levels, they overestimated these levels in sev
eral patients (4,5,9). To date, both techniques (EABR
and ESR measurement) are in use, but there are no de
cisive arguments in favor o f one or the other. A techni
cal restriction o f the EABR measurement is that it is
much more susceptible to noise and electrical artifacts
than the ESR measurement. Furthermore, the pulse rep
etition rate for EABR recordings (typically 15-40 pps)

is much lower than the rate at which the implant works.
This complicates the prediction of behavioral measures
from EABR measures. For ESR measurements, there
are no constraints in this respect. On the other hand,
ESR measurement requires normal middle ear function.
In a previous study, we compared the outcomes o f the
two techniques in the same patients (5). There was less
deviation o f the postoperatively determined ESR thresh
olds (better grouped in the patient's dynamic range) than
the EABR thresholds. Thus, there seem to be some ar
guments in favor o f the ESR measurement.
The value o f intraoperative measurement of ESR and
EABR thresholds for device fitting has been studied by
several groups (3,6 8,10,11). These studies showed that
if certain precautions were taken and/or corrections were
made the outcomes could be considered as suitable for
device fitting. However, the error o f estimation was
found to be significant in several cases. [It should be
noted that the intraoperative EABR measurement has
been advocated for another main purpose, namely for
selection o f the ear o f implantation (12).] A specific
problem with intraoperative ESR measurement is that
anesthetic agents may weaken the stapedius reflex
(10,13-16). The effects o f most agents are not well de
scribed except for muscle relaxants and volatile gaseous
agents (10,13,15).
In the present study, we evaluated the ESR thresholds
o f 19 children determined during cochlear implant
surgery. The following issues were examined in retro-
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STAPEDIUS REFLEX MEASUREMENTS
spect: the effect o f the etiology o f deafness, the effects
of the anesthetic agents used during surgery (muscle re
laxants, volatile gaseous agents), and the relation be
tween the ESR thresholds and device-fitting parame
ters. The effects o f other anesthetic drugs administered
intravenously were not studied systematically, because
a great diversity o f agents and com binations was ap
plied by the anesthetists to achieve optimal anesthesia.
The intraoperative ESR measurement was performed
after insertion o f the electrode array just before closing
the middle ear cavity, while the administration o f relax
ants was discontinued. In several children, the measure
ment was repeated at the end o f surgery just before the
wound was dressed. At this time, the child was breathing
on his/her own and muscle relaxants had not been ad
ministered for at least 45 min. This additional measure
ment was introduced to see whether there was any im
provement at the end o f surgery owing to further wash-out
of muscle relaxants or recovery from deep anesthesia.
Furthermore, ESR thresholds were obtained after the fit
ting o f the speech processor to see whether or not the in
traoperative values were close to the real ESR thresholds
(the so-called postfitting ESR thresholds). Finally, each
child’s intraoperative ESR thresholds were compared to
their (long-term) most comfortable levels.

MATERIALS AND M ETHODS
Subjects
ESR measurements were performed on 25 children during
cochlear implant surgery. They all received the N ucleus 22eleclrode cochlear implant. In four o f the children, the elec
trode array could only be inserted partially; the results o f these
children were excluded. In two o th er c h ild ren , E S R m e a 
surement was discontinued because o f the a b se n c e o f the
stapedius tendon in one child and thick m ucosa around the
stapes in the other. Therefore, the data o f 19 children were
available for evaluation.
Some biographic data are presented in Table 1. Six o f the
children had congenital deafness. The cause o f deafness in the
others was meningitis. The age at implantation was 3.9-12.3
years. During surgery, minor ossification in the scala tympani
was found in six o f the children, which needed some drilling.
The integrity of all the implants was checked according to the
procedure described by Mens et al. (17). All the children had
been using their cochlear implant on a daily basis for at least
10 months. Word identification testing revealed scores that were
significantly above chance in all the 19 children.

Procedure
To elicit the ESR, biphasic pulses w ith variable w idth
(“stimulus level”) with a repetition rate o f 250 pps were pre
sented for 1 s. The “common ground” stimulation mode was
used (as it was for device fitting). The stimuli were generat
ed by the DPS software and presented via a speech processor
linked to the DPI interface.
As volatile anesthetics, Halothane w as used in 13 children
and isoflurane in six children, depending on the anesthetist’s
preference,
A Her insertion o f the electrode array, before closing o f the
middle ear cavity, the transmitter coil was placed in a sterile
bag and positioned over the receiver. C o n tra c tio n s o f the

T A B L E 1. Mean age at im plantation (AuI) and mean
duration o f deafness (DoD) o f the children subdivided
according to etiology and the elicitabiiity o f the stapedius
reflex (ESR) daring surgery"
Etiology
Congenital
Meningitis

Intraoperative ESR

il

Present
Absent
Present
Absent

6
0
9
4

Aal (years) DoD (years)
8.3 (2.7)

8.3 (2.7)

7.2 (2,1)
7.9 (3.3)

5,0 (2.1)
4.8 (1.8)

"SDs are indicated between brackets.

stapedius muscle were monitored by means o f the operation
m icroscope and television screen. Observations were made
during stimulation; thereto, tlie presence o f a stimulus was in
dicated by an acoustic signal. Prior to testing, the adminis
tration o f muscle re lax ants was discontinued and muscle ac
tivity was normal according to neurom uscular monitoring of
limb muscles (16).
Stimulation was started at a 1"stimulus level” of 100 and in
creased with steps o f 10 levels up to level 230, if necessary.
When a response was found, the stimulus was increased once
more by 10 levels to verify the presence o f a stapedius reflex.
Afterwards, the level was decreased by 20, and the measure
m ent was repeated with steps o f five levels. Electrodes 1, 5,
10, 15, 20, and, in some children, also 22 were tested.
In nine o f the patients, the stapedius reflex measurement
was repeated at the end o f surgery. This time, the stapedius
reflex was determ ined at m axim um com pliance in the con
tralateral ear using a clinical impedance meter (Amplaid 702).
The stim ulation procedure was identical to that used for vi
sual determ ination o f the reflex. A t least 3 months after the
speech processor had been fitted, ESR measurements were
repeated on 13 o f the children (the so-called postfitting ESR),
The remaining six children did not participate because of var
ious reasons. The m easurem ent set-up and procedure were
identical to those used at the end o f surgery, except that the
initial stimulation level was the c h ild ’s behavioral threshold,
and step size below the m ost com fortable level (or C-level)
was five levels and above the C-level was two levels. The max
imum stimulation level was the c h ild ’s uncomfortable loud
ness level.
To study the value o f intraoperative ESR thresholds for the
prediction o f C -levels, the m ost recent fitting results were
used, obtained at least 6 months after the initial speech proces
sor fitting. A ccording to the audiologist, the C-levels could
be considered reliable in all the 19 children.

RESULTS
Incidencc of electrically evoked stapedius reflex
In the majority o f children, ESR thresholds could be
established visually. Figure 1 shows the incidence o f in
traoperative ESR versus the electrode number for the
children with congenital deafness and for those children
whose cause o f deafness was m eningitis. A clear dif
ference was observed between both groups. The poor
result o f the meningitis group compared to the congen
ital group could not be ascribed to the age at implanta
tion or the interval between the onset o f deafness and
implantation as these were either statistically indistin-
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guishable or to the advantage o f the children w hose
cause o f deafness was meningitis (Table 1),
Comparison o f the visually established ESR thresh
olds and the ESR thresholds obtained at the end o f
surgery showed that a reflex could be elicited on both
occasions in five o f the nine patients tested and could
not be elicited on either occasion in three patients. In
one patient, a reflex could be established visually (al
though only at the extremes o f the electrode array, elec
trodes 1 and. 20), but not at the end o f surgery. The av
erage ESR threshold established visually was 12 levels
below that established at the end o f surgery (range, 30
to -5), This means that there was no improvement in the
ESR thresholds at the end o f surgery.
Postfitting ESR thresholds were found in nine out o f
the 13 children tested (Table 2). In the other four chil
dren, it was not possible to evoke a stapedius reflex up
to the highest stimulus level that the child could toler
ate. Again, the results o f the meningitis group were poor
er than those o f the congenital group. In two patients
whose cause o f deafness was meningitis, no reflex could
be elicited during surgery, but a reflex could be elicit
ed later on. However, in these two children, a postfit
ting ESR was found at one and two electrodes, respec
tively, close to the children’s uncomfortable loudness
level. Furthermore, the ESR was o f the diphasic, on-off
type.

Effect o f volatile anesthetic agents
Comparison o f the intraoperative and postfitting ESR
threshold values showed that, on average, the intraop
erative ESR threshold was 44 levels higher (SD, 31;
range, 2 -1 0 0 levels) in the children who displayed an
ESR. This discrepancy can partly be ascribed to anesthesiological factors, as illustrated in Fig. 2, This figure
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FIG. 1. The incidence of electrically evoked stapedius reflex
(ESR) during cochlear implant surgery as a function of electrode
number. The results of the congenital group (n = 6) and meningi
tis group (n = 13) are presented separately.
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T A B L E 2.

Comparison between the intraoperative ESR
and postfitting ESR in 13 chidlren
Postfitting ESR

Etiology
Congenital
Meningitis

Intraopcrativc ESR

Present

Absent

Present
Absent
Present
Absent

5
0
2
2

0
0
2
2

shows the relation between the expiratory concentration
o f Halothane and the ESR threshold in an individual
child. Initially, the Halothane concentration was 0.6%
(volume %; measurement A); then, it was increased to
2% (measurement B) and finally decreased again to
0.6% (measurement C). ESR measurements were per
formed under all three conditions with a 5-min interval
between the Halothane adjustment and the ESR mea
surements. A significant increase in the ESR thresholds
was seen after the increase in concentration, with re
covery after the Halothane concentration had decreased.
The ESR threshold increased by approximately four lev
els per 0.1% Halothane between measurements A and
B. Next, the relation between the individual intraoper
ative ESR thresholds and the percentage of Halothane
used was determined in all the children who received
Halothane. As an example, Fig. 3 shows this relation for
electrode 1. The results o f nine children are shown be
cause ESR thresholds were obtained from only nine out
o f the 13 children who received Halothane during the
surgery, The correlation between the ESR threshold and
the percentage o f Halothane was 0.85, which was sig
nificant at the 1% level. At the other electrode positions,
similar results were obtained. The dotted line represents
the four-level increase per 0 .1% Halothane found in the
former experiment (Fig. 2). The slope o f this line fits
reasonably well with the increase in the ESR threshold
with increasing Halothane concentration. Therefore, as
a first order approximation, the intraopcrativc ESR
thresholds were corrected for the effect o f Halothane by
lowering them by a factor o f four times the concentra
tion o f Halothane expressed in multiples o f 0.1%. The
average difference between the intraopcrativc ESR
thresholds and the postfitting ESR thresholds, which
was 44 levels before correction, was 18 levels (SD, 23;
range, -18 to 55) after correction. This indicated that
correction was beneficial.
Next, the corrected intraopcrativc ESR thresholds
were compared to the corresponding C-levels. On the
average, the ESR thresholds were 13 levels above the
C -levels (SD, 38; 32 observations in nine children).
Without the correction, the discrepancy was 46 levels.
In eight out o f the nine children, the corrected ESR
thresholds were close to or above the C-levels. In one
child, the ESR thresholds were found at levels clearly
below the C-levels. The ESR results in the six children
who received Isoflurane are also presented in Fig. 3, The
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pattern was similar to that for Halothane, but the cor
relation was not significant. Therefore, it was not con
sidered feasible to correct these ESR threshold values,
as was done for Halothane.

DISCUSSION
During surgery, ESR thresholds were established twice
in a number of children: once with, in principle, less objective visual determination and once, at the end o f
surgery, with the middle ear impedance measurement.
Comparison of the results showed that there was no im
provement in the ESR thresholds at the end o f surgery,
which means, firstly, that the visual determination o f
the stapedius reflex was adequate and, secondly, that
(further) wash-out o f muscle relaxants or recovery from
deep anesthesia at the end o f surgery did not improve
the reflex thresholds.
An ESR could be established visually in most o f the
children, but the response o f some o f them with an eti
ology o f meningitis was poor. Mason et al. (7) and
Battmcr et al. (8) reported that a stapedius reflex could
be elicited intraoperatively in all o f their cases, but not
at all the electrodes; in the present study, this was only
found in the children with a congenital etiology. Mason
et al. (7) reported that most o f their “no response" mea
surements concerned electrodes in the center o f the elec
trode array; the present observations were in agreement
with this. No intraoperative ESR could be elicited in
30% of the children whose cause of deafness was menin
gitis. Postfitting ESRs could not be obtained in as many
as 50%. These differences between the congenital group
and meningitis group could not be ascribed to age at
implantation or duration o f deafness. Poor elicitability
o f the stapedius reflex in the meningitis cases is in ac
cordance with the results reported by Spivalc et al. (9),
who found that ESR thresholds could be determined

postoperatively only in a minority of children whose eti
ology was m eningitis, but in the majority with a con
genital etiology. This suggests that the reflex arc may
be compromised in the children whose cause o f deaf
ness is meningitis. Additional support for this assump
tion is the intraoperative measurement o f the compound
action potential reported by Gantz et al (18), They found
that the performance o f children with congenital deaf
ness was better than that o f the children whose cause of
deafness was meningitis. They suggested that the con
genital deaf children presumably had better eighth nerve
survival.
After surgery, reflex thresholds were found at lower
levels than during surgery, even after correction had
been applied for the effect o f Halothane. The remain
ing discrepancy o f 18 levels may be ascribed to the in
fluence o f other anesthetic agents or improved sensi
tivity o f the neural system to stimulation. In their study
on the influence o f anesthetic agents on the ESR, Gnadeberg et al. ( 10) also compared intra- and postoperative
ESR thresholds. At best, they found an average d is
crepancy o f 10 levels; thivS is in fair agreement with the
present results. Brown et al. (6) reported that electri
cally evoked A B R thresholds obtained postdevice fit
ting were on average 20 levels lower than the intraop
erative values. The present discrepancy o f 18 levels
compares well with their value. As brain stem respons
es are largely unaffected by the most commonly used
anesthetic agents (19), improved sensitivity o f the au
ditory neural system probably caused the discrepancy,
not the anesthetics.
On average, the corrected ESR thresholds were 13
levels above the C -levels, but the SD was high. This
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means that the relation between the two measures was
poor. A similar conclusion can be drawn from the re
sults presented by Mason et al. (7), Diphasic reflex wave
forms were found postdevice fitting in two children in
the meningitis group. It has been reported that diphasic
stapedius reflexes are fairly common in the early stages
o f otosclerosis (20). During surgery, there was some os
sification in the scala tympani o f both children. It is sug
gested that, in these two cases, the stapes might have
been less mobile than normal owing to the spread o f os
sification into the scala vestibuli. The most common lo
cation for bone growth in meningitis is the basal turn
region o f the scala tympani (2 1 ), but the scala vestibu
li may also be involved in some cases (22). Decreased
mobility o f the stapes might have been the reason why,
during surgery, no ESR was observed in these two cases,
In four other children with ossifications, normal
stapedius reflex waveforms were found, which may be
ascribed to ossification restricted to the scala tympani,
To conclude, i f no ESR is observed during surgery,
which occurs in a number o f cases with an etiology o f
meningitis, no conclusions can be drawn. If an ESR is
found, the results suggest that the ESR thresholds can
only be considered as weak predictors o f the C-levels,
especially if meningitis was the cause of deafness. EABR
measurements might be a better choice in these patients.
A ck n o w le d g m e n t: We want to thank Dr. P. de Grood for
valuable discussions.

REFERENCES
1. Jcrger J, Jenkins H, Filer R, Mecklenburg D, Stapedius reflex
to electrical stimulation in a patient with a cochlear implant.
Ann Otol RhinoI Larvngol 1986;95:151~7.
2. Shallop JK, Van Dijke L, Coin DW, Mischkc RE. Prediction of
behavioral threshold and comfort values for Nucleus 22-chan
nel implant patients from electrical auditory brain stem response
test results. Ann Otol Rhino! Laryngol 1991; 100:896-8.
3. Shallop JK, Belter AL, Coin DW, Mischkc RE. Electrically
evoked auditory brain stem responses (EABR) and middle la
tency responses (EMLR) obtained from patients with the Nu
cleus multichannel cochlear implant. Ear Hear 1990; 11:5-15.
4. Stephan K., Welzl-Muller K, Stiglbrunner H. Acoustic reflex in
patients with cochlear implants (analog stimulation). A m J Otol
1991; 12:48-51.
5. Van den Borne B, Mens LIIM, Snik AFM, Spies TH, Van den
Brock P. Stapedius reflex and EABR thresholds in experienced

The American Journal o f Otology, Vol. 17, No. 4, 1996

users of the Nucleus cochlear implant. Acta Otolaryngol (Stockh)
1994; 114:141-3,
6. Brown CJ, Abbas PJ, Fryauf-Bertsehy H, Kelsay D, Gantz BJ.
intraoperative and postoperative electrically evoked auditory
brain stem responses in Nucleus cochlear implant users: im
plications for the fitting process. Ear Hear 1994;15:168-76.
7. Mason SM, Garnham CW, Sheppard S, O’Donoghue GM, Gibbin KP. An intraoperative test protocol for objective assessment
of the Nucleus 22 channel cochlear implant. Aciv Otorhinolaryngol 1995;50:38-44.
8. Battmer RD, Laszig R, Lehnhardt E. Electrically elicited
stapedius reflex in cochlear implant patients. Ear Hear
1990;11:370-4.
9. Spivak LG, Chute PM. The relationship between acoustic re
flex thresholds and behavioral comfort levels in children ancl
adult cochlear implant patients. Ear Hear 1994; 15:184-92.
10. Gnadeberg D, Battmer RD, Lullwitz E, Laszig R, Dybus U,
LcnarzT, Der Einfluss derNarkosc aufden intraoperaliv clcktrisch ausgelosten Stapediusreflcx. iaryngorhinootoiogie
1994;73:132-5.
11. Battmer RD, Gnadeberg D, Allum-Meeklenburg DJ, LenarzT.
Algorithmic representation of common ground programming
in children with the Nucleus device, A civ Otorhinolaryngol
1995;50:83-90.
12. Kileny PR, Zwolan TA, Zimmerman-Phillips S, Tctian SA. Elec
trically evoked auditory brain-stem response in pediatric pa
tients with cochlear implants. Arch Otolaryngol Head Neck Surg
1994;120:1083-90.
13. Mitchell OC, Richards GB. Effects of various anesthetic agents
on normal and pathologic middle ears, Ear Nose Throat J
1976;55:264-9.
14. Farkas Z, Acoustic reflex and general anesthesia. Seaml Andiol 1983;Suppl 17:43-6.
15. Dine O, Nagel D. Messung des akustisch ausgelosten Stapediusreflexes in Intubationsnarkose. HNO 1986;34:75-7,
16. Ruth RA, Arora NS, Gal TJ. Stapedius reflex in curarized sub
jects: an index of neuromuscular weakness. JAppl Physiol 1982;
52:416-20.
17. Mens LHM, OostendorpT, Van den Brock P. Identifying elec
trode failures with cochlear implant generated surface poten
tials. Ear Hear 1994;15:330-8.
18. Gantz BJ, Brown CJ, Abbas PJ. Intraoperative measures of elec
trically evoked auditory nerve compound action potential. Am
J Otol 1994; 15:137-44.
19. Hall JW. Handbook o f auditory evoked responses. Boston: Allyn
and Bacon, 1992.
20. Tcrkildscn K, Osterhammel P, Bretlau P. Acoustic middle car
muscle reflexes in patients with otosclerosis. Arch Otorhinolaryngol 1973;98:152-5.
21. Stccncrson RL, Gray LB, Wynens MS. Scala vestibuli cochlear
implantation for labyrinthine ossification. Am J Otol
1990; 11:360-3.
22. Green JD, Marion MS, Hinojosa R. Labyrinthitis ossificans:
histopathologic consideration for cochlear implantation, Oto
laryngol Head Neck Surg 1991; 104:320- 6.

